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Abstract 
 
Pattern mixtures (so-called soft mixtures) currently used in investment casting are composed of paraffin, stearin, and - to a lesser extent – 
of ceresin, polyethylene wax and other natural and synthetic waxes. During studies, several types of soft pattern mixtures were developed 
by modifying the already existing compositions with appropriate additives. Based on the studies of physico-chemical and performance 
properties, the composition of pattern material was optimised. 
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1. Introduction 
 
In the world investment casting, high-quality cast parts are 
produced using patterns made from wax materials  manufactured 
by  specialised  companies.  The  lost  wax  process  allows  the 
production of precision castings from  various alloys, obtaining  
surface quality corresponding to the class N6 to N10 according to 
ISO  -  2632/III  and  with  dimensional  deviations  comprised 
between CT4 and CT6 by ISO 8062. In industrial practice, the 
pattern materials are individually tailored to the technical needs of 
the casting users and to the foundry pattern shop equipment. 
The vast majority of domestic investment foundries use the so-
called  soft  pattern  materials.  The  main  components  of  such 
materials  are  paraffin  [1]  and  stearin.  The  required  functional 
properties  are  provided  by  an  addition  of  synthetic  waxes 
(polyethylene wax obtained by depolymerisation of polyethylene 
waste  [2])  and/or  natural  waxes  (beeswax,  Montana  wax). 
Currently, no ready-for-use soft pattern materials are available in 
the domestic market. 
Producers are therefore forced to purchase the correct ingredients 
and prepare  pattern materials within their own capabilities. The 
unstable parameters of the available raw materials often result in 
unstable  technological  properties  of  the  resulting  pattern 
compositions. The need to develop a ready-for-use soft pattern 
material, capable of satisfying the functional requirements of the 
investment  process  of  making  the  near-net-shape  castings  was 
background for starting the present research work. The aim of this 
publication has been development of a new generation of pattern 
materials  of  optimum  technological  properties  for  investment 
casting. 
  
 
2. Methods of investigations 
 
Because  of  the  subject  complexity  resulting  from  its 
innovative character, it was decided to conduct the research on 
several levels, i.e. studies on the determination of basic physico-
chemical parameters of the soft wax, development of an optimum 
wax composition to ensure that the requirements of the users are 
fully  satisfied,  and  examination  of  the  soft  wax  technological 
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To  determine  basic  properties  of  the  soft  waxes,  studies  were 
carried  out  on  the  following  parameters:  solidification  point, 
dropping point, the kinematic viscosity at different temperatures, 
hardness measured by penetrometer, ash content and acid number. 
The range of laboratory tests included parameters described in 
Table  1.  Studies  were  made  on  wax  samples  supplied  by  an 
investment foundry (both "fresh" and old wax) and on laboratory 
samples prepared according to the newly developed formulas. The 
choice of the determined properties was dictated by the results of 
investigations of the parameters useful in the lost wax technology 
(temperature of injection and wax behaviour at this temperature), 
including also other wax properties, like appearance, hardness, 
and presence and type of pollutants. The technological research 
included  the  determination  of  the  temperature  of  the  pattern 
material injection into a die, the linear shrinkage, bending strength 
and deflection curve at 20, 25 and 30⁰C. 
 
Table 1. 
Physico-chemical properties of the examined pattern mixtures  
No.   Parameter  Standard 
1.   Solidification point   PN 77/C-04018  
2.   Dropping point  PN 55/C-04020 
3.   Kinematic viscosity at 100°C  PN-EN ISO 3104  
4.   Penetration at  25°C   PN-82/C-04161 
5.   Acid number  PN-85/C-04066 
6.   Carbon residue  PN-EN ISO 6245 
 
 
3. Discussion of the obtained results  
 
3.1. Properties of soft pattern mixtures and their 
components  
 
The typical components of the soft pattern materials used in 
industry are:  
-  paraffin, 
-  stearin,  
-  polyethylene wax  
mixed  in  proportions  depending  on  the  characteristics  of  the 
manufactured castings. 
The  basic  properties  of  the  components  used  in  industry  are 
presented  in  Table  2.  Table  3  presents  the  results  of  
measurements  taken  on  pattern  mixtures  prepared  from  the 
components mentioned above, based on typical compositions used 
by  industry  (70%  paraffin,  20% stearin and 10%  polyethylene 
wax) 
 
Table 2. 
Properties of the soft pattern material components: paraffin (1), 
stearin (2) and polyethylene wax (3) 
No.   Parameter  (1)  (2)  (3) 
1.  Solidification point [°C]  57,6  54,2  108,0 
2.  Kinematic viscosity at 100°C  
[mm
2/s]  4,11  5,35  2,44 
[140⁰C] 
3.  Penetration at 25°C [-]  18  1  1 
4.  Acid number [mg KOH/g]  -  252,6  0,0 
 
Table 3. 
Properties of pattern mixture 
No.   Parameter  Value 
1.   Solidification point [°C]  84,2 
2.   Dropping point [°C]  87,0 
3.   Kinematic viscosity at 100⁰C  [mm
2/s]  9,98 
4.   Penetration at 25°C [-]  12 
5.   Acid number [mg KOH/g]  48,4 
 
The addition of stearin and polyethylene wax helps reduce the 
pattern  material  shrinkage,  extends the temperature range  over 
which  this  material  retains  its  plastic  properties  and  increases 
hardness of the ready pattern mixture. 
Table  4  shows  the  results  of  measurements  taken  on  a  ready 
pattern  mixture  used  by  one  of  the  domestic  foundries.  The 
determined characteristics apply to both fresh composition and 
composition used several times. 
 
Table 4.  
Properties of industrial pattern mixture fresh and reused  
No.   Parameter 
Pattern mixture 
   fresh  reused 
1.   Solidification point [°C]  73,0  74,4 
2.   Dropping point [°C]  75,0  77,0 
3.   Kinematic viscosity at 100°C  
[mm
2/s] 
6,93  8,16 
4.   Penetration at  25°C [-]  15  17 
5.   Acid number [mg KOH/g]  57,05  52,76 
6.   Carbon residue [%]  0,015  0,060 
 
Comparing the results obtained for fresh pattern material and for 
the material after repeated use, it can be observed that the content 
of  impurities  increases  with  the  decreasing  content  of 
decomposable  stearin.  Also  hardness  of  the  ready  patterns  is  
slightly reduced.  
 
3.2. Optimising the pattern material composition 
 
The next stage of the study was optimising the composition of 
the ready patterrn mixture to improve its functional properties. 
Base  materials  were  selected  for  studies  i.e.  natural  waxes 
(beeswax,  Carnauba  wax,  montan  wax),  synthetic  waxes 
(polyethylene wax, polypropylene wax, oxidised wax, wax from 
Fischer-Tropsch  synthesis),  and  copolymers.  To  optimise  the 
composition,  over  a  dozen  samples  were  prepared  from  the 
pattern  material  consisting  of  paraffin  (70wt.%)  and  stearin 
(20wt.%) The remaining percentage was mixture of natural and 
synthetic waxes and  copolymers of known composition. After 
determination  of  the  physical  and  chemical  properties,  the 
samples were subjected to preliminary technological tests to select 
three mixtures of the best functional  properties. 
For  further  studies,  three  pattern  materials  were  selected, 
containing in their composition oxidised polyethylene wax (4), 
wax from Fischer-Tropsch synthesis (5) and copolymer (6). The 
physico-chemical  and  technological  properties  of  selected 
mixtures are shown in Tables 5 and 6. 
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Table 5. 
Physico-chemical properties of selected pattern mixtures  
No  Parameter  (4)  (5)  (6) 
1.   Solidification  temp.  
[°C]  71,4  68,6  71,6 
2.   Dropping point [°C]  76,0  68,0  74,0 
3.   Penetration at 25°C [-]  9  9  8 
4.   Kinematic  viscosity  at  
100°C  [mm
2/s]  9,11  6,42  8,52 
5.   Carbon residue [wt.%]  0,0025  0,0028  0,0018 
 
Table 6. 
Technological  properties  of  selected  test  pattern  material 
compared with industrial mixture (P)  
No.  Parameter  (4)  (5)  (6)  (P) 
1.   Injection temp.[°C]  54-52  52-50  54-52  48-46 
2.   Shrinkage [mm]  1,17  1,12  1,10  1,17 
3.   Bending  strength  RG 
[MPa]  0,53  0,46  0,55  0,39 
4.   Deflection curve [mm]         
4a.   20°C  0,18  0,22  0,23  0,23 
4b.  25°C  0,40  0,45  0,39  0,31 
4c.   30°C  1,30  1,50  1,21  1,53 
 
From selected mixtures, patterns of castings were made and were 
measured next with an altimeter and a caliper with an electronic 
read out system. Based on the obtained results, for further studies 
the  pattern  wax  material  with  an  addition  of    copolymer  was 
selected, and the next stage of the studies consisted in preparation 
of the copolymer-containing samples to determine what effect the 
copolymer content might have on the functional properties of  the 
ready pattern mixture. Four samples of pattern mixture containing 
copolymer in an amount of 0.5%, 1.5%, 2.5% and 5.0% [wt.] 
were investigated. The  rest was paraffin, stearin, and synthetic 
waxes. Tables 7 and 8 compare the physico-chemical parameters 
and  technological  properties  of  copolymer-containing  pattern 
mixtures with an industrial pattern material used by one of the 
domestic foundries. 
From the obtained results it follows that an addition of copolymer 
reduces the linear shrinkage. The pattern material with a 5.0%  
addition of the copolymer has the highest bending strength. The 
effect of copolymer on the linear shrinkage of pattern material is 
shown in Figure 1. Figure 2 shows the influence of copolymer 
content on the bending strength of a ready pattern mixture. 
 
 
Fig. 1. Linear shrinkage vs copolymer content in pattern mixture. 
Broken line denotes the shrinkage of industrial pattern material 
  
     
Table 7. 
Physico-chemical properties of pattern mixtures containing an addition of copolymer 
No.   Parameter  
Copolymer content [wt.%] 
0,5  1,5  2,5  5,0 
1.   Solidification temp.  [°C]  60,6  62,2  62,4  69,4 
2.   Dropping point [°C]  62,0  65,0  65,0  73,0 
3.   Penetration at 25°C [-]  10  9  9  12 
4.   Kinematic viscosity at  100°C  [mm
2/s]  6,59  6,63  6,69  7,48 
5.   Carbon residue [wt.%]  0,002  0,002  0,002  0,003 
   
Table 8. 
Technological properties compared for copolymer-containing pattern mixture and industrial pattern material  
No.   Parameter 
Copolymer content [wt.%]  Pattern 
material for 
industrial use  0,5  1,5  2,5  5,0 
1.   Injection temp.[°C]  52-50  52-50  52-50  50-48  48-46 
2.   Shrinkage [mm]  1,23  1,18  1,01  1,02  1,25 
3.   Bending strength RG [MPa]  0,42  0,49  0,48  0,51  0,44 
4.   Deflection curve [mm]           
4a.   20°C  0,27  0,28  0,33  0,15  0,23 
4b.  25°C  0,34  0,35  0,36  0,53  0,48 
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Fig. 2. Bending strength vs copolymer content in pattern mixture. 
Broken line denotes the bending strength of industrial pattern 
material 
 
Based on the above analysis it was found that the addition of 
copolymer  in  an  amount  exceeding  2.5wt.%  does  not  affect 
further reduction of the linear shrinkage but increases the bending 
strength. For industrial studies carried out in one of the domestic 
investment  foundries,  the  pattern  material  with  5.0wt.% 
copolymer  content  was  selected  as  offering  the  optimum 
performance characteristics. 
The  results  of  industrial  tests  obtained  on  selected  pattern 
materials  are  the  subject  of  a  separate  study  entitled:  "The 
industrial  studies  of  new  generation  of  pattern  materials  for 
investment casting."  
 
 
4. Conclusions 
 
Studies  on  the  feasibility  of  developing  a  ready  pattern 
mixture characterised by stable physical and chemical parameters, 
satisfying,  moreover,  the  functional  requirements  of  an 
investment  casting  process  enabled  drawing  of  the  following 
conclusions: 
1.  From a wide variety of the waxes currently available in the 
market,  which  can  be  used  as  an  additive  improving  the 
properties of pattern materials, positive results were obtained 
with oxidised wax, wax from the Fischer-Tropsch synthesis, 
and  copolymer-based  wax.  For  further  studies,  the 
copolymer-based pattern material was selected. 
2.  From the results of the tests carried out on pattern mixtures 
containing copolymer in an amount of 0.5 - 5.0wt.% , it has 
been observed that with the copolymer content increasing in 
a range of 0.5 - 2.5% the linear shrinkage decreases, while 
the  addition  of  copolymer  in  an  amount  exceeding  2.5%  
slightly increases the shrinkage value. It was also found that 
the  maximum  bending  strength  was  obtained  in    pattern 
material containing 5.0% of copolymer. 
3.  For  further  industrial  studies  carried  out  in  domestic 
foundries, the pattern material containing 5.0% of copolymer 
was selected. 
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